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(54) Antenna and manufacturing method therefor 

(57) An antenna comprising the following members 
are provided: a first board-shaped dielectric material; a 
cylindrical member, provided on one face of the first 
board-shaped dielectric material, in which a part of a 
side wall may be cut off; plural second board-shaped 
members provided as radiating on the outer surface of 
the cylindrical member, one end face of each second 
board-shaped member being in contact with the surface 
of the first board-shaped dielectric material; and plural 
sets of plural pole members perpendicular to the surface 
of the first board-shaped dielectric .material, made by 
forcing out corresponding portions of the first board- 
shaped dielectric material, the sets radiating from the 
outer surface of the cylindrical member and the plural 
pole members in each set being arranged in a line, and 
each set existing between two positional directions of 
the adjacent two second board-shaped members. The 
surface as one face of the first board-shaped dielectric 
material and the surfaces of each above member are 
coated with a conductive coating, by which the first 
board-shaped dielectric material, the cylindrical mem- 
ber, the second board-shaped members, and the pole 
members respectively function as a ground plane, a re- 
flector, fins, and parasitic elements. A radiator is provid- 
ed on an extension from each line on which a set of the 
parasitic elements on the ground plane exists and be- 
tween the innermost parasitic element and the outer sur- 
face of the reflector. 
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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the Invention 

The present invention relates to an antenna (system) used for wireless communication, and also relates to an 
antenna structure and to a manufacturing method therefor for easily realizing a monopole array antenna with a high 
accuracy, used for high-speed data communication such as an LAN, using microwave, quasimillimeter wave, or mil- 
10 limeter wave band. 

This application is based on Patent Applications Nos. Hei 9-119385, Hei 9-262533, and Hei 9-270858 filed in 
Japan, the contents of which are incorporated herein by reference. 

2. Description of the Related Art 

15 

Conventionally, antennas for terminal units used for oil-site wireless LANs and the like are arranged on a desk, at 
a personal computer or workstation, at the upper end of a partition, or the like. 

In high-speed radio communication having a transmission rate more than 10 Mbps : such as a wireless LAN, an- 
tennas with high directivity and actual gain are required. On the other hand, terminal units desirably have a function 
20 of radiating a beam in all directions (i.e., 360°) in a horizontal plane, so that radio waves can always be received 
regardless of directional arrangement of a base station. A 19 GHz-band wireless LAN with high transmission rate of 
25 Mbps and maximum throughput of 15 Mbps has been developed based on RCR STD-34 standard (refer to "1 9 GHz 
band Data Transmission Radio Equipment for Premises Radio Station", Research & Development Center for Radio 
Systems, March, 1 993) (Also refer to "VJ25 System : 1 9GHz High-speed Wireless Lan System", NTT REVIEW, Vol. 
2S 9, pp. 86-92, January, 1997 ) 

Regarding such a system, an analysis report is known in which specification of a terminal necessary for realizing 
a transmission rate of 25 Mbps with an omnidirectional antenna at a base station is analytically examined using a 
model based on geometrical optics. In the specification, "half-width in horizontal (or conical) plane: 30°, half -width in 
vertical plane: 30', directivity gain 15 dBi or more" are defined.. 
30 As a conventional antenna which can realize the above specifications, a three-dimensional corner reflector and a 

three-dimensional corner reflector provided with a dielectric material are known (refer to T Shirato, et al., "A 19 GHz 
Band Wireless LAN". NTT R&D. Vol. 45, No. 8, pp. 95-104, August, 1996). 

In these antennas, directivity or beam width are basically determined according to the sizes of the aperture and 
ground plane radius. Therefore, it is difficult to reduce the height and the diameter of the ground plane (or plate), and 
35 accordingly, weight cannot be reduced. 

Another technique in which a fin is provided in order to lower (the height of) a three-dimensional comer reflector 
has been proposed in Japanese Patent Application, First Publication, No. Hei 9-135115. However, in this case, the fin 
is arranged in parallel to the ground plane; thus, the structure is complicated and processes necessary for manufac- 
turing are increased. 

^0 On the other hand, a planar patch antenna having a smaller volume than the above three-dimensional corner 

reflector, for realizing reduction ri size, has been proposed (refer to K. Uehara, et al., "A 20 GHz12 Sector Antenna 
Using Planner Multibeam Arrays'. IEICE, Proceedings of the '96 General Conference, B-107, 1996"). 

However, it is necessary (i) to secure sufficient aperture in the longitudinal direction so as to obtain an exact 
directionality in the vertical plane, and (ii) to secure sufficient aperture in the cross direction so as to obtain an exact 

4 $ directionality in the horizontal plane. Therefore, also in this case, it is difficult to realize an antenna having a thinner 
structure, and loss in a feede circuit is increased. 

Another conventional example using a horn antenna for a 6-sector wireless LAN terminal unit has also been pro- 
posed (refer to James E Mit/Ufl "Radio Propagation and Anti-Multipalh Techniques in the WIN Environment", IEEE 
Network Magazine, Vol 5 Nu 6 pp. 21-26, November, 1991). The size required in this case is 20 mm (longitudinal 

50 direction) x 1 5 mm (cross direction) Therefore, if twelve 1 2-sector antennas with a narrower beam are arranged using 
the above structure, both the necessary opening area of the aperture and the necessary number of antennas are 
doubled, and thus the total si/c becomes almost four times greater. That is, reduction in size is also difficult in this case. 

As another type of antenna an arrangement in which a monopole array antenna is arranged on a ground plane 
in a circumferential direction to as to cover th© area with respect to the circumferential direction (see Japanese Patent 

5 5 Application, First Publication No. Hei 9-36654). According to this antenna, the same characteristics as the above 
corner reflector antenna can bo realized at one-third the height in comparison to the corner reflector antenna (refer to 
T. Maruyama, et al , "Design ano Analysis of Small Multi-Sector Antenna for Wireless LANs Made by Monopole Yagi- 
Uda Array Antenna". Transactions ol IEICE, B-ll, No 5, pp. 424-433. May. 1 997) Here, the monopole Yagi-Uda antenna 
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is a kind of monopole array antenna. 

radiS 2f A «n^^^ ,iVe H Vi ^ WS rr in9 thea PP° aran ~ ^ a rnonopoleanay antenna. In the example. 

SSI ■ PlUra ' (h6re ' 1 0) parasi,ic e,emen,s < or directors ) 22b-22k are arranged with a predeter 

conned r ^ °' *~ e ' emen,S ' (,he P tene of > P |ale 20 mada - a condu Sve rZrt 

" * Pr ° Vided ° n ,hS ^ ,3Ce °' * he COndUC,iVe P,a,e 20 Conductio " b ^een 
SS!lh. h w B ' mr0dUCed ,r ° m 3 radi ° ,ransmil «"9 ^d receiving device (no. shown) and radiator 21 

can be established using the connector 23. 

^m^^f * m0n0P ° le arfay an,enna 0f SUCh a s,ruc,ure is made in a ma ™er such that pole antenna 
elements operating as radiator 21, reflector 22a, and parasitic elements 22b-22k are previously processed to have 

SnVinrio 0 ; 21 : s d,sposed in hoie 24 (for inser,ina ,he radia, °* «*~* 223 ■ p-S 

paras a' Ir^nS *ese hET? ^^f^ are res P ective * pressed into ho.es 25b-25k (for inserting [he 
K£ PR nTfh- i' ! 9 arran9ed haVln9 8 P rede,erm ™ d space between each two of them, as shown 

in hg. 12B of the corresponding partial cross sectional perspective view. 

0 25 to 6 0 ? t Sm«T° POle afr l y an ' enna iS fofmed SUCh ,hal ,he len 9 ,hs of an,enna elemen 's ™ arranged in order from 
,he WaV6, r 9,h and th3t n ° an,enna < or hei 9"«> exceed * * a heigh, of the respects 
T hSh, 1 k tra ^miss IO n frequency rate is 1 9 GHz, the corresponding wavelength becomes 1 5 mm thus 

sve» 

HZrZ ! manufacture such a precision antenna, measurement of an accuracy using a special 

Zrihe'eLT 06883 ^ ' b3SiC Pr0CeSSin9 iS COmP ' eted - 3nd Adjustment is further necessan, if any error is 
increased, and consequently manufactured antennas become very expensive. 
SUMMARY OF THE INVENTION 
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and T^^lZZZ SST 1 ' nV0ntiOn 15 10 PrWide " an,ema 3 S,rUC,Ure fof ^ manU,aC,UH ^ 

dr Jmlmhl 6 ; T PfOV ' deS a " com P risin 9 a first board-shaped dielectric material; a cylin- 

dr car member, proved on one face ot the first board-shaped dielectric material, in which a part of a side wal may be 

o e endt:' ^"f^ members P ravided - ' ad ««"9 on the outer surface of the cfln^SZ 

mTtelfandour^ 

material, and plural sets of plural pole members perpendicular to the surface of the first board-shaped dielectric mateml 

oute surface'onn" TTT* 0 P ° n '° nS * the ^ ^^ric materia., the sets radiating S the 

outer surface of the cylmdncal member and the plural pole members in each set being arranged in a line and each 

Z Z "IT™ ,W ° f P0Si T 31 d ' reC,i0nS ° f ' he adjacem tWO second Shaped members. In ,h aboTe sUuc 

'k ""J b K ° ard - Shaped di6leC,riC ma,erial and ,he surtaces °< ea <* above member are 
beai^Iawfr^ ^I".?' board-shaped dielectric material, the cylindrical member, the second 

> eTment S a ^21 ^ T? fespeC,ive, y ,unc,ion as a 9™" d P"™, a reflector, fins, and parasitic 

T^k P 00 an eX,6nSi0n <r0m "** ,ine on a set of lhe P ara sitic elements on the 

alnna lZ7Z* T TT ^ P " B "' C ^ ' he ° Uter SUrfaCe of ,he reflector Tha < >*■ a " 

antenna having the above features and a manufacturing method thereof are provided according to the present inven- 

SU ri^Tr^T S T r n m "'^ eCi °' an ' enna Can be SaSily ma " ufac, ^ed via a simple process such that the 

a Jmpte iu^Z^T* ^ 3 " ^ by 8 meta " ic ,hin film The mo,d used in ,he P™. has 
a n,Z» el h S COn ° aVe POrt, ° nS corres P° ndin 9 to the relevant members to be forced^ut thus the 

antenna can be economically manufactured. 

™ L" 3 *"! 0 ' 1, m °' d and ' he dielecUlC ma,erial as a main bod y 0< ,he anienna which is molded using this mold 

ZZZZZF!£2T a s : 9,e direc,ion after mo,din9 ' accordin9 to s,ructural ,eatures °« the ™ id a - ™ 

dielectric material. Therefore, manulaclunng with a good yield rate can be performed 

Consequently, highly-accurate antennas can be very economically and easily manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B show the first embodiment according to the present invention. 
Figs. 2A and 2B show a shape ot the dielectric material 

Figs. 3A and 3B are sectional views for showing an example for installing the radiator 

Figs. 4A and 4B show an exemplary structure for reinforcing the parasitic elements, and the like 

Figs 5A and 5B show the second embodiment according to the present invention 

Figs 6A and 6B show the third embodiment according to the present invention 
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Figs. 7A and 7B show other two examples as embodiments according to the present invention. 
Figs. 8A and 8B show further another example as an embodiment according to the present invention. 
Fig. 9 is an exemplary flowchart of processes for manufacturing the antenna according to the present invention. 
Figs. 10A and 1 0B show exemplary radiation pattern of the antenna 
5 Fig. 1 1 shows an example of return loss characteristics of the antenna according to the present invention. 

Figs. 1 2A and 1 2B show a monopole array antenna according to the related art. 

Fig. 1 3 is a perspective view showing a structure of a distinctive strip line of the first embodiment according to the 
present invention. 

Figs. 14A and 14B show the structure of an antenna having a distinctive strip line of the second embodiment. 
io Fig. 15 is a perspective view showing the structure of a distinctive strip line of the third embodiment. 

Figs. 16A and 16B show the structure of an antenna having a distinctive strip line of the fourth embodiment. 
Fig. 17 shows the structure of an antenna having a distinctive strip line of the fifth embodiment. 
Fig. 18 is a perspective view showing the structure of an antenna having a distinctive strip line of the sixth embod- 
iment. 

*5 Fig. 1 9 is a back-face view showing the structure of an antenna having a distinctive strip line of the seventh em- 

bodiment. 

Fig. 20 is a back-face view showing the structure of an antenna having a distinctive strip line of the eighth embod- 
iment. 

Figs. 21 A and 21 B are back-face views showing the structure of an antenna having a distinctive strip line of the 
20 ninth embodiment. 

Figs. 22A and 22B are back-face views showing the structure of an antenna having a distinctive strip line of the 
tenth embodiment 

Figs. 23A and 23B show an arrangement of a strip line in the related art. 
Figs. 24A-24C show arrangements of a strip line in the related art. 

Figs. 25A and 25B are side sectional views showing the structure of an antenna using a strip line in the related art. 
Figs. 26 A and 26B are for explaining an example of a method for manufacturing an antenna whose reflector has 
through holes. 

Figs. 27 A and 27B show the first embodiment of an antenna consisting of antenna units having different operational 
frequencies. 

30 Figs. 28A and 28B show the second embodiment of an antenna consisting of antenna units having different op- 

erational frequencies. 

Figs. 29A and 29B show the third embodiment of an antenna consisting of antenna units having different operational 
frequencies. 

Fig. 30 shows the fourth embodiment of an antenna consisting of antenna units having different operational fre- 
35 quencies. 

Fig. 31 shows the fifth embodiment of an antenna consisting of antenna units having different operational frequen- 
cies. 

Fig. 32 shows the sixth embodiment of an antenna consisting of antenna units having different operational fre- 
quencies. 

*o Fig. 33 shows the seventh embodiment of an antenna consisting of antenna units having different operational 

frequencies. 

Fig. 34 shows the eighth embodiment of an antenna consisting of antenna units having different operational fre- 
quencies. 

Figs. 35A and 35B show examples of the radiation pattern in a horizontal plane with respect to an antenna consisting 
of plural antenna units of different operational frequencies. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In explanations of the embodiments, an antenna (system) of a structure suitable for easy manufacturing, and a 
so corresponding manufacturing method, are firstly explained. Antennas having a structure for easy manufacturing (as 
mentioned above) and also having a distinctive strip line (connected with a radiator) are secondly explained. Further- 
more, antennas having the above features and also consisting of plural antenna units of different operational frequen- 
cies arc thirdly explained. 

55 Antenna (system) of a structure for easy manufacturing 

Figs. 1A and 1B show an antenna as the first embodiment according to the present invention, and Fig. 1 A is a 
perspective view of an antenna with a circular ground plane (or plate) while Fig 1 B is a partially enlarged view of Fig. 
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rl!en e ZZT^Z^TlTT ^ nUmer3 ' 2 M * a ^ound p,ane, 

Plate(s),, fe^e««»n^^J^«^^T ,( ' , " e<=, ° r(S)) ' re ' e ' enCe nUm6ral 5 indica,es fln < s > < as 
8 indicates radio's As dde^ 

a moid which ,s P ^XZ^^^t^^^ ^ * — -» 

SimilaMo RasTA?nd h ,B W Ra S, ?A Pe * ^ ma,er "' 33 main 0f ,he an,e ™ a - '"own in Fig 1 A 

enlarged So Rg I ZhoJres SSSl n""^' °° die ' eC ' riC ^i 3 '' ** Fi ° 28 is a partial t 
projection portions) ateo 0( he SS* 03,68 ' "T?"* P ' a,e ' feferenCe « la ir,dica,es 

(s). The portions ih'ch should be or und nUmefal 3 indiC3t6S h °' e(s) for P rovidin 9 *e radiator 
forcing ou, correspond,; S^hS^TS^H^ ' ^ 6 ' M ^ by 

thickness of 5 pm and eoS2 aSfc JLS!!? < ,UngSten and nickel of a 

•^"21^^ 38 S,rUCtUra ' e,eme " ,S SUCh aS P- aS « ic 

ingly. adjustment l^^^^lT^^ " COa ' ed 8 met3 " iC COat by P ' a,in 9 ° r the '*« Accord- 
tured in a relatively short,™ ^ ' S a la ^ quantity of products can be manufac- 

Rgs F i A ani « "•To^J^tT^ f eXamP ' e inSta " in9 °' the an,enna sho - in 

reference numeral 1 wSTJl dieZJ f ' ^'""^ ^ * UMd 36 the ln ^ 3A and 3B ' 

30 3 indicates a hole rnadeT Z olid oil* T ' ^ nUmera ' 2 3 grOUnd P lane ' refe ' ence 

cates an inner ^ S SZT! ? indiCa,6S 3 meta " iC °- t 9 indi " 

semi-rigid cable, reference numeraT i indL.lT h ^ f ' ^ nUmeral 10 indicates an °"ter conductor of a 

oute^r^o?^ f e ■ ^«-«*r 9 o, the semi-rigid cab.e) is fixed by inserting 

1 8 to ground plane 2 usTg SS^i 2 suth as " ^ 2 " d by 9lUin9 the Semi " riQid 

to a lemi!Sbtonh°e *° ^ 3 ^ 35 a — a " d *> -nect the conductor 

s^.™ - r;s , r ^ as 

e'emenV^^ (3S 3 radia, ° f) °* ' he and parasitic 

4 are fixed using harden^ ..^^ 

so can b A : ^z^::z^:^x^:^t by hardenin9 mater,ai ' by wh,ch these *- ei — 

characteristics of the antcrnn ca b stabt T V T™™ 938 ' nC ' Uded in ,he air ' or ,he like Accordingly, 

view wSe Rgle fs^l^ew T^T' 7'"° '° ^ PreSen ' inV ° n,l ° n ' and Rg 5A is a P-spective 
« me^Hic strip Ls a, o^Sl7l2l X TSTl^ "T' 9 e ' emen,S 3re f ° rmed as 

— umera,.,™^^^ 
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1, reference numerals 4a indicate parasitic elements formed as strip-shaped metallic coats, reference numeral 16 
indicates a strip line provided on the back face of ground plane 2, and reference numeral 1 9 indicates a sector switch. 

In the present example, the dielectric plates 14 are made by forcing out the corresponding areas from dielectric 
plate 1. However, another method may be performed in which pole dielectric plates 14 are made independently of 
5 dielectric plate 1 and then dielectric plates 14 are fixed to dielectric plate 1. In this case, parasitic elements 4A are 
glued on the metallic coat of ground plane 2 by using a conductive material such as solder. 

In order to form parasitic elements 4a as strip metallic coats on dielectric plates 14, or to form a strip line on the 
back face of ground plane 2, as the present example, a process using a catalyst is performed at the time of plating so 
as to generate non-plated areas, or an etching process is performed after plating. 
io in this example, radiators 8 are connected to strip line 16 formed on the back face of ground plane 2 for feeding 

electricity. In addition, sector switch 1 9 is also provided on the back face of ground plane 2 so as to switch the sector. 

Figs. 6A and 6B show the third embodiment according to the present invention, and Fig. 6A is a perspective view, 
while Fig. 6B is a sectional view. This example is almost the same as that shown in Figs. 5A and 5B, and a different 
point is that radiator(s) 8a are formed on dielectric plate 17 together with parasitic elements 4a. All structural features 
*5 other than this point are the same as those shown in Figs. 5A and 5B; thus, detail explanations are omitted here. 

Figs. 7A and 73 show two other examples as embodiments according to the present invention, and these examples 
are respectively shown by sectional views in Figs. 7 A and 7B. 

The example shown by Fig. 7A is almost the same as that shown in Figs. 1 A and 1B, and a different point is that 
strip line 16 and sector switch 1 9 are provided on the back face of ground plane 2. 
20 in the example of Fig. 7B, differences from the example shown by Fig. 7A is that radiator 8b is made by forcing 

out the corresponding portion in dielectric plate 1 , coating the surface of the forced-out portion with a metallic coat, 
making a hole at the center of the portion, and then filling a conductive material into the hole or coating the inner surface 
of the hole with a conductive coating, so as to feed electricity through strip line 16. 

Figs. 8A and 8B show further another example as an embodiment according to the present invention, in which the 
25 strip-line part has a "triplate" structure. 

In Figs. 8 A and 8B, reference numeral 8 indicates an inner conductor as a radiator, which is a metal conductor 
inserted into a dielectric hole. Reference numeral 16 indicates a 50 O micro-strip line for feeding radiator 8 and this 
line passes through the hole of radiator 8 to hole 3a. 

That is, hole 3a is previously provided in dielectric material 1 , and the metallic material filled in this hole is connected 
30 to radiator 8. As a method for making hole 3a, (i) double pattern-draw, (ii) making a hole after single pattern-draw, and 
inserting metallic conductors from both the hole of radiator 8 and hole 3a, or (iii) making upper and lower parts using 
separate molds and pasting them together, as shown in Fig. 8A, may be used. Here, reference numeral 7a indicates 
a metallic coat functioning as the ground of strip line 16. 

Fig. 9 is a flowchart of processes for manufacturing the basic structure of the antenna according to the present 
35 invention. As shown in the figure, a wooden model having the same shape as a desirable antenna is made (see step 
S1 ), and a corresponding mold is made based on the wooden model (see step S2). Necessary dimensional adjustments 
are performed when making the mold (see step S3). (Conventionally, such adjustments are performed during the 
manufacturing of each antenna.) Remaining processes are only casting a medium material (see step S4) and perform- 
ing plating (see steps S5-S7) regardless of the number of products. 
40 Injection molding by injecting a medium from small holes made in a mold, or compression molding by pouring a 

medium into one mold and compressing the medium using the other mold, may be adopted as casting using metal 
mold(s) relating to step S4. Here, injection molding, suitable for manufacturing a fine structure, is preferable because 
the antenna according to the present invention has a fine structure such as parasitic elements. 

Additionally, plating processes in steps S5 to S7 are used for plating of the above-mentioned three layers. 
45 The mold adjustment is performed by measuring a test antenna into which a medium was poured and which was 

then plated. By using metal mold casting, the time necessary for adjustment can be greatly reduced. No conventional 
example in which such metal mold casting is applied to manufacturing of monopole antennas is known. The antenna 
according to the present invention has a structure which can be formed only by pulling a mold toward one direction, 
and thus can be manufactured using a mold of a simple structure. 
50 in the case of the antenna as shown in Figs. 3A and 3B, after the plating processes are completed, it is necessary 

to mount radiators, while in the case of the antenna as shown in Figs. 4A and 4B, another process for reinforcing 
parasitic elements or the like is necessary. For the above-mentioned antennas as other examples, some predetermined 
processes are similarly necessary. 

Hereinbelow, experimental results with respect to characteristics of the antenna manufactured according to the 
55 above -explained method will be shown. 

Figs. 10Aand 1 0B show exemplary radiation pattern at19.5GHz of the antenna, and Fig. 10A shows measured 
data of radiation pattern in a horizontal plane while Fig. 10B shows measured data of radiation pattern in a vertical 
plane. In the figures, solid lines in the graphs indicate antenna characteristics based on the manufacturing method 
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uS'ing me. h hod PreSen, inVen,i ° n ' ^ ^.eristics based on a conventional man- 

the nZTZZtn 'l 6 ' i9UreS ' T* 9 the an ' enna manu,ac,ured I"* manufacturing method according to 
oSnaS 

toC™^ 

requSlev^eTurnTo^ 

STJn^^^^ ° f ' eSS ' ^ 11 Sh ° WS that SUCh 3 is sa,is «* d « 1 " for 

nJ^^H' re ' erenCe '° FigS ' 10 and 11 ' " is c,ear ,hat an,ef1n a according to the present invention can 
iTja^ 

r^LT la]neCi , ab ° Ve ' accordin 9 ,0 the P resen < invention, ^ corner reflector multi-sector antenna can be easilv 
£52 y T P , r0CeSSin9 SU<=h ,ha ' ' he SUrface 0f a molded die,ectric ™terial * coated with a metalHc fSm A 
are provided toward one direction, and thus such a mold can be prepared economically 

in addition the mold and the dielectric material as a main body of the antenna formed using said mold can be 

ViZrlT 3 Sin9 ! 8 direC,i ° n a " er m °' din9; thUS ' manU ' aC,Urin 9 wi,h a ^ «• canbe reaTld 
*> ec JomSy *" Nfl^""* a "'<™as can be manufactured very 

nn,/r h !L m0r !' aCC °l din9 ,0 ,hS PreSem an,enna ***** the above^xplained structure, a Yagi-Uda antenna with 
me,a,liCa " y - COa,ed e,eme " ,s as P— * ^-en,s can be realized as shown in Figs 5/ "si 

unneols^^rT '"""J ^ 0nly direc,bnali, y b * usi "9 ^asitic elements but also suppression of 
Z^aZ EES T f ,at0r bel0n 9 in 9 ,0 ,he ne « a « a V b V Priding a fin, and further realizes a low^rofi.e 
and sharpen beam antenna by efficiently using mutual interaction between adjacent arrays 

Furthermore, the antenna according to the present invention is manufactured by casting a dielectric material into 
a mow by us,ng the injection or compression molding method, and by coating tJ^itTSSSESS 

t£^XE2°£ T nerm9 me,hod Therefore ' " is unnecessary ,o burv each ei — ^ 

adjust the height thereof, wh.ch is necessary in the conventional technique, and by using a previouslv-tormed hiahlv 
accurate mold, antennas having the same level of accuracy can be manufactured P™™W<"™* h-ghly 

as described ab «ve, no concave or convex portion exists (that is, the shape is not changed) in the line of 

The ground plane of the antenna according to the present invention may be of any shape If a basic construction 

sectorsirSruSfS 9 construction, the following arrangements are also possible: (i, if half of the 12 

aTcSn oZvScT^T* ^ be K m0dmed *° 66 s " ular ' ^ W ■ *• antenna is instiled in a corner of 
r^Z'l 1 J? maS may b6 °° mbined so as t° 'orm a circular antenna. Accordingly installation and 

naci ^ P T n, J nVenti0n - ln addi,i0n ' ,h6 baSiC Shabe 0f ,he p ™ d P'ane 's no be 
ooivnnn^ p 1 P ™ y a ' S ° be 3 P ° ly9 ° n Similar, y' ,he arc <* a semicircular or fan-shaped antenna may be 

£ S cu^aTa T* 3 , T leC,0f iS Pr ° Vided h3S 001 3 CV,ind ' ical Shape « a b ™hape 

If an .nner conductor of a semi-rigid cable is used as a radiator, it is possible to omit a process for establishino a 

rztzTaZzrr eiemem and a semi - ri9,d cab,e and ^ * a seek 

manufacturing a conventional monopole antenna 

reinforced 'T^H^^T* *'* ^ " '^"i" 9 die ' eC,fiC malerial ' ,hese smal1 el <~ «>" be 

= - - - the characteristics of the 

On the other hand, by providing a strip line on the back face of a dielectric material as the ground plane connection 
of an antenna element to a feeder circuit or a sector sw,tch can be established via the strip line tnus a connSor 
somi-r.g.d cable, or another (coder circuit can be omitted connector, 

Antenna (system) h aving a distinctive strip line 

ronn H p e ^ n ? e,OW H e T 0dimentS °' * M ' antema havin 9 a s,ruc,u,e ,or ea ^ manufacturing in which the strip line 
connected to a rad.ator ,s inventive, will be explained First, problems relating To the strip line S ,he related ad m be 
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shown. After that, embodiments of an antenna for solving the problems, which has a distinctive strip line, will be ex- 
plained. 

Fig. 23A is a perspective view showing an arrangement of a strip line in the related art, and Fig. 23B is a side view 
showing the arrangement of the strip line. In Figs. 23A and 23B, reference numeral 101 indicates a board-shaped 
5 dielectric material having a thickness of d1. The relative dielectric constant of the dielectric material 101 is e r, here. 
Reference numeral 102 indicates a strip conductor formed as a thin film on the surface ofdielectric material 101, and 
the width of the strip conductor is defined as W1. Reference numeral 103 indicates a ground plane fonued as a thin 
film over the whole back face of dielectric material 101 , which functions as the ground of strip conductor 102. 

In the above structure, if characteristic impedance Z relating to the strip line is approximated using a quasi TEM 
10 wave, then, with magnetic permeability \i, relative dielectric constant e r, dielectric constant e 0 in vacuum, and thickness 
d1 of dielectric material 1 01 , and with width W of strip conductor 102, the characteristic impedance is represented by 
the following equation (1). 

15 Z=((u/er.eO)^).(d1/W1)[Q] (1) 

Here, with reference to Figs. 24A-24C, influences on the above-mentioned characteristic impedance Z, caused 
by a dielectric material whose thickness is nonuniform, will be explained. 

In Fig. 24A, reference numeral 104 indicates a dielectric material having two kinds of thickness, d1 and d2, and 
20 projecting portion 1 04a is formed on the back face thereof. 

That is. dielectric material 1 04 is formed such that the thickness of projecting portion 1 04a is d2 while the thickness 
of remaining portions except for projecting portion 104a is dl. Reference numeral 105 indicates a strip conductor 
formed as a thin film on the surface of dielectric material 104, in which a portion corresponding to projecting portion 
104a has width W2 : while remaining portions except for the portion of width W2 has width Wl (<W2). Reference 
26 numeral 106 indicates a ground plane fonned as a thin film over the whole back face of dielectric material 104. 

Here, dielectric material 104 and strip conductor 105 are respectively formed as satisfying a condition: d1/W1 = 
d2/W2. If this condition is satisfied, characteristic impedance Z satisfying the above equation (1) can be obtained over 
the whole strip line. However, regarding the strip line as shown in Fig. 24A, the thickness of dielectric material 104 is 
suddenly changed from d1 to d2; thus, reflection and loss of microwaves as transmission media is generated. 
30 A strip line as shown in Fig. 24B is effectively used in order to reduce such reflection and loss of microwaves. In 

Fig. 24B, reference numeral 107 indicates a dielectric material having two kinds of thickness of d1 and d2, and on the 
back face of the dielectric material, taper-shaped projecting portion 7a is formed. That is, dielectric material 107 is 
formed such that the thickness is gently changed from d2 (of remaining portion except for projecting portion 107a) to 
d1 (of projecting portion 107a). 

35 Reference numeral 108 indicates a strip conductor formed as a thin film on the surface of dielectric material 107, 

in which the width corresponding to projecting portion 7a is W2 and in the remaining portions except for the portion of 
width W2, taper-shaped areas are formed so that the width can be gentry changed from W2 to W1(<W2). Reference 
numeral 109 indicates a ground plane formed as a thin film over the whole back face of dielectric material 107. 

In the above structure, both dielectric material 107 and strip conductor 108 are taper-shaped; thus, reflection and 
loss of microwaves at projecting portion 7a is reduced. 

Hereinbelow, influences on the characteristic impedance Z, caused by very thick projecting portion 1 04a (thickness: 
d2) of dielectric material 104 (as shown in Fig. 24A), will be explained with reference to Fig. 24C. 

In Fig. 24C, reference numeral 110 indicates a dielectric matenal having two kinds of thickness of d1 and d2, and 
projecting portion 110a is formed on the back face of the dielectric material. Here, thickness d2 shown in Fig. 24C is 
very large in comparison with corresponding thickness d2 in Fig. 24A. Reference numeral 1 1 1 indicates a strip conductor 
formed as a thin film on the surface of dielectric material 110, in which the width of a portion corresponding to projecting 
portion 110a is W2, and the width of remaining portions except for the portion of width W2 is W1 (<W2). 

Here, width W2 shown in Fig. 24C is very large in comparison with width W2 shown in Fig. 24A. Reference numeral 
112 indicates a ground plane lormed as a thin film over the whole back face of dielectric material 110. 

In the above structure, the portion of width W2 in strip conductor 111 has the very large thickness of d2; thus, 
ground plane 112 at the opposite side of the portion of width W2 does not function as the ground. Therefore, in the 
slrip line as shown in Fig. 24C, the above assumption using a quasi TEM wave cannot be applied; thus, uniform 
characteristic impedance Z cannot be obtained over the whole strip line. 

Accordingly, in the strip line as shown in Fig. 24C, reflection and loss of microwaves is remarkably increased in 
comparison with the strip line as shown in Fig. 24A. 

Figs. 25A and 25B are side sectional views showing the structure of an antenna using a strip line. The antenna 
as shown in these figs. 25A and 25B functions as a monopole Yagi-Uda antenna (or a monopolo array antenna). 
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T:ziTz:£r nt ! ir rrr nce numerai 119 indi a 9round p - ^ L^i F s i A ,; n a 

n ^^ f ^SSll 1 3 W t ? 3 : h ' n fi ' m ' *"* <UnCti0nS 35 the 9 ™ nd strip conductor 16. 
in rig. ^&a, reflecting plate 115 does not function as a ground plane, as explained with reference to Fin par th„o 

the SZZZZZnT ilT'T ' "* I"" ■* m «" to " — <- n 3>nd Beta, 

, », 7 P ^ * ' 1 1 *"«»» *™« ' 2' » "»unl#d m IroM ol reflecting pM. , , 5, and Ihe lo», and oi alem.™ 

a •trint^.'c.n 9 , 258 ' 'll"?" 9 115 doM n0t ,UnC,ion as a 9 round P |ane ' « the case shown by Fig 25A- thus 

Fio ?4r * S,riP J i T S ' " ,hiCkn6SS °' Pr ° ieC,in9 P 0 ^" 1103 of die,ec,ric "ferial 110 is very large as shown in 
^to^SSfifT 6 1 h C r SPOndin9 10 Pr ° )eC,in9 POrti ° n 1103 *- not «unct JaTt^e g ound " 
ZSu acta e aTtrio lS When 3 haVin9 3 » ort ™ * -*» is diffic I 

microwaves ' ' nC ' UdeS ' ^ * lBk Pr ° jeCtif19 P ° rti0n and *** has «*• r^cton and loss of 

for J u 7h h !,T a t ! nna U ^ n ll S,riP ' ine ' 38 eXpl3ined with re,erence t0 Fi 9- 25A a nd 25B, a triplate structure is necessary 

in Jl^SSS^ E! ^ Pr0b ' em ' P,Ura ' emb0diments rel3tin 9 10 * strip line and an antenna using the strip .ine 
First embodiment relatin g to distinctive stri p lino 

-^MnsKs mstjs^^ * a ~ - 

On ZeTJ^TrtZ^r 1 ! 30 1 0 * 8 ' 68 3 b03fd - Sh3 P ed die1 ^- -ateria,, and the thickness thereof is d1 
in the figure ma ' er ' al 13 °' Pr ° jecUn9 p0rt ™ 1303 is «"« a transverse direction 



10 

^OOCID <EP 0677443A2 I > 



EP 0 877 443 A2 



(n addition, the above height h may be suitably changed according to specification changes or the like. 

Reference numeral 131 indicates a ground plane formed as a thin film dielectric material over the whole surface 
1 30b of dielectric material 1 30 and also the whole outer faces of projecting portion 1 30a. the ground plane functioning 
as ground. In the figure, "d1 " (the thickness of dielectric material 1 30) also includes the thickness of ground plane 1 31 ; 
s however, the thickness of ground plane 1 31 is assumed to be "0". here. Additionally, ground plane 1 31 is also provided 
at an area corresponding to through hole 1 30c, on the surface 1 30b of dielectric material 1 30. 

If a strip line is used as a part of an antenna, projecting portion 1 30a and (thin film) ground plane 1 31 formed over 
the whole projecting portion 130a function as reflecting plate 132. 

Strip conductor 1 33 is formed as a thin film dielectric material on the back face 130d of dielectric material 1 30, in 
10 a longitudinal direction in the Fig. 1 3, and width W of the line is smaller than the width of through hole 1 30c. Additionally, 
the width W of strip conductor 133 is fixed from the front end to the rear end (in the figure), and the thin-film strip 
conductor 133 is formed on the back face 130d of dielectric material 130 in a manner such that through hole 130c 
exists above this strip conductor. 

In the above structure, the thickness of dielectric material 130 with respect to strip conductor 133 is d1 over all 
'5 areas from the front end to the rear end. That is, as through hole 130c is formed in projecting portion 130a, effective 
thickness of the part corresponding to through hole 1 30c of dielectric material 130 with respect to strip conductor 133 
isd2 equal to d1 . Therefore, the thickness of dielectric material 130 with respect to strip conductor 1 33 can be assumed 
as "di " over all areas. 

Consequently, according to the strip line in the above-explained first embodiment, even though dielectric material 
20 1 30 includes very thick projecting portion 1 30a as shown in Fig. 24C, characteristic impedance Z can be fixed over all 
areas with fixed width W of strip conductor 1 33. 

Therefore, according to the strip line of the above-mentioned first embodiment, reflection and loss of microwaves 
as transmission media can be reduced if very thick projecting portion 1 30a exists in dielectric material 1 30. 

25 Second embodiment of antenna having distinctive strip line 

Hereinafter, a structure according to the second embodiment relating to an antenna having a distinctive strip line 
will be explained with reference to Figs. 14A and 14B. Fig. 14A is a perspective view showing the structure of the 
antenna having a strip line of the second embodiment, and Fig. 14B is a sectional view taken along the line A-A' in 
30 Fig. 14A. 

In Figs. 1 4A and 1 4B, parts identical to those in Figs. 1 3A and 1 3B are given identical numbers, and explanations 
thereof are omitted here. 

In Fig. 14A, hole 131a is provided in ground plane 1 31 , and antenna element 134 is newly added here. In addition, 

strip conductor 1 33 shown in Fig. 1 4B in formed on the back face 1 30d of dielectric material 1 30 in a manner such that 
35 the length of the strip conductor is shorter than strip conductor 1 33 shown in Figs. 1 3A and 1 3B, and that the width of 

the present strip conductor is fixed as - W" over the whole area. 

The antenna element 134 as shown in Fig. 14B is vertically provided in dielectric material 130 such as projecting 

upward from hole 131a in ground plane 131, and the tower end of element 134 is electrically connected to end 133a 

of strip conductor 1 33. In this case, it can be assumed that electrical uniformity is satisfied over the whole area of 
to thickness d1 of dielectric material 130 in Fig. 14A, as described above; thus, ground plane 131 shown in Fig. 14B 

functions as the common ground for antenna element 1 34 and strip conductor 1 33. 

In the above structure, when microwaves are supplied to the strip line consisting of dielectric material 130 : ground 

plane 131, and strip conductor 133, the microwave is radiated from antenna element 134. At this time, the radiated 

microwave has directionality in the positive X-axis direction, via reflecting plate 132. 
^5 As explained above, according to the antenna using a strip line in the second embodiment of the present invention, 

ground plane 131 can be used as the common ground for strip conductor 133 and antenna element 134; thus, the 

present antenna can be easily manufactured using fewer molds for metal mold casting in comparison with the antenna 

having the triplate structure as shown in Figs. 25A and 25B. 

50 Third embodiment of antenna having distinctive strip line 

Hereinafter, a structure of a strip tine according to the third embodiment will be explained with reference to Fig. 
1 5. Fig. 15 is a perspective view showing the structure of the strip line of the third embodiment. 

In Fig. 15, reference numeral 140 indicates a board-shaped dielectric material, and on the surface 140b thereof, 
*5 upward projecting portion 140a is formed in a transverse direction in the figure. In the projecting portion 140a, plural 
slits 140c, 140c,..., slit width being "Ws", are provided from the lower end to the upper end of the projecting section. 
The above slit width Ws is 0.1, preferably 0.05 times as much as the wavelength of a microwave as a transmission 
medium. This slit width Ws may be suitably changed according to a specification change or the like. 
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140 ^ e ,hT!l n r eral 141 indiC3,eS 3 9r ° Und P ' ane '° rmed by Coa,in9 ,he who,e surface 140b of ^electric material 
140 and the whole promoting portion 140a (having slits 140c, 140c...) with a thin film. This ground plane functions as 
the ground for strip conductor 143 which is explained later. Tuncttons as 

n ,JlL SU>!3 "? ' S U$ed 35 3 P3rt °' an antenna P ro i ectin 9 P° rtiorl 1 40a ^d ground plane 1 41 formed as the thin film 
overthepro^cngport^nfunction as reflecting plate 142. Strip conductor 143 is formed by coating the back face 140d 

* ft d f omTh?; , 1 * T t ,hin ' i,m die,eC,rfc """" 3 ,0n9itUdinal direc,ion in * ' 1- Si W thlrtS 
nrovSn Jr° ^ ^ ,heS h ^ ,igure indicate ,he P° siti °n of strip conductor 143 

provided on back face 140d, and thus correspond to projected lines onto the surface of the die.ectric material toward 
the Z direction m the figure. This definition will be used in the following drawings 

thus'T^bTa^nSTh rfl'^' 14 ° C -" are Pr0VidCd in Pf °i ectin 9 140a material 140; 

me f'ronuo ^fSTT ? T * dieleC,fiC ma,eria ' 14 ° With respect ,0 strip conduclor 143 is fixed <™ 
currents " 03036 P ^ SUPPfeSS in, ' UenCeS °" e,ec,ric and ma 9 netic fie,ds - and 

Therefore, according to the strip line of the above-explained third embodiment, even though dielectric material 140 
S^a^ 

transm^n 3 ^ 1 " 9 ?* * above - men,ioned «"ird embodiment, reflection and loss of microwaves as 
transmission media can be reduced even though very thick projecting portion 1 40a is included in dielectric material 1 40 
nJnZJS h . 6 ab ° Va - mentioned ,nird embodiment has a structure whfch can be manufactured by pulling a 
mold toward one direct™. Therefore, this strip line can be easily manufactured using a single mold. 

Fourth embodiment of ante nna having distinctive strip line 

witl h™ 3fter H 3 l UCtUre 3CC ° rdin9 10 ,he f ° Urth embodiment relali "9 to an antenna having a distinctive strip line 

Z « Thi n T I Tf ,0 R9S 16A ^ 166 Fi9 16A iS 3 pefSpeC,K ' e sh ™'"9 ^e structure of the 
antenna having a strip line of the fourth embodiment, and Fig. 16B is a sectional view taken along the line B-B' in Fig. 

thereof^ olZ^.' '° ' h ° Se ^ "* 1 58 " *" ""^ a " d 

145 airSwlftSilf 8, h rlf U13 iSprOVidedin 9 round P' a "e141,and antenna element 144 and pa-asitic element 
2 sue JoroSio !!1 nf T 3 elemen ' 144 33 Sh0Wn in R9 168 iS Vertica '^ provkJed in dielectric 
coleSc ho T ^ " 9r ° Und P ' 3ne 141 ' a " d the '° Wer 6nd ° f element 144 is etectr ^ 
reTpecU t^tlS^^^ 1 43 ,hiS Ca8 °" * Ca " bS 3SSUmed ,hat electrical uniform «y is ^ 
o!ane l^fhoin • p ZZ.** M ^ °' die ' eC ' riC ma,erial 140 in Fig ' 16A ' as described ab ^e; thus, ground 

e ™? « ,' 9 , B ,IOnS 33 C ° mm0n 9f0Und ,0f an,enna element 144 and s,ri P conductor 143. Parasitic 

element 1 45 is mounted in front of antenna element 144. 

oJelT, 3 1°h V' rUCtU L e ' microwaves are su PP |ied 10 the strip line consisting of dielectric material 140. ground 
plane 141 , and strip conductor 143, the microwaves are radiated from antenna element 144 At this time the radiated 
^ToTn 5 , 3Ve difeCtoa,i, V in ,he Po-Mv X-axis directton, v« reflecting piate 142 and parage Z^X 45 

Also in the above structure, slit width Ws of slits 140c, 140c,... is 0.1 times as much as the wavelenoth of the 
microwave; thus, reflecting plate 142 can be electrical* assumed as a reflecting plate without sits 9 
orou^d otanTi^n * 3CC °? in9 u 3n,enna US,n9 3 S,fip ' ine in ,he ,0Urth embod ™nt of the present invention, 

present antenna can be easily manufactured using fewer molds for metal mold casting in comparison with the conven- 
tional antenna having a triplate structure. 

Fifth embodiment of antenna having distinctive strip line 

so he Hereina ' ,er ; I slfU( =<^e according to the fifth embodiment relating to an antenna having a distinctive strip line will 

stripTn^ T^IT^ ,0 R9 !T Fi9 ' 17 iS 3 PerSpeC, ' Ve VieW ShOWing ,he s, - c,ure - antenna hav^a 
strip |,ne of the fifth embodiment, and in this figure, parts identical to those in Fig. 16A are given identical numbers 
and explanations thereof are omitted here. 'oenucai numoers, 

In Fig 1 7, the area and the number of slits formed in projecting portion 1 40a of dielectric material 1 40 are different 

ss irnnT T I 16 * POS * i ° n °' SUIP 143 iS «*«"«• Additionalfy, ,n f J 1 P^ a S 

element 145 in Fig. 16A is omitted for convenience P—wuc 

nrnvL^l in'ml F ' 9 1? ' ^ *'* ,0rmed ^ nea ' Xhe left side ^ c& ) in the figure, and no slitjs 

prov ded in the remam.ng portion. Therefore, in pro,ec.ing portk,n 140a, slits (140c. 140c.) do not exist in the portion 
positioned ,n an oppos.te orientation with respect to direction R of the maximum radiation of microwaves radiated from 
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antenna element 144, in other words, in the portion at the rear side of antenna element 144 in the figure. 

On the other hand, strip conductor 143 is formed as a thin film below slits 140c, 140c,... on the back face 140d of 
dielectric material 140. That is, the thin- film strip conductor 143 is positioned in a slantwise direction with respect to 
direction R of the maximum microwave radiation. 
s According to the above structure, slits 140c, 140c : ... are not provided in the portion (of projecting portion 140a) in 

an opposite orientation to direction R of the maximum microwave radiation; thus, influences caused by slits 140c, 
140c,... on antenna characteristics can be reduced in comparison with the antenna using a strip line as shown in the 
fourth embodiment. 

10 Sixth embodiment of antenna having distinctive strip line 

Hereinafter, a structure according to the sixth embodiment relating to an antenna having a distinctive strip line will 
be explained with reference to Fig. 18. Fig. 18 is a perspective view showing the structure of the antenna having a 
strip line of the sixth embodiment, and in this figure, parts identical to those in Fig. 14A are given identical numbers, 
15 and explanations thereof are omitted here. 

In Fig. 18, through hole 130e is provided in projecting portion 130a instead of through hole 130c shown in Fig. 
14A, and the position of strip conductor 1 33 is also different. 

That is, through hole 130e in Fig. 18 is formed near the left side (face) of projecting portion 130a and at a position 
off to an opposite orientation to direction R of the maximum microwave radiation. In addition, strip conductor 133 is 
20 formed as a thin film on back face 1 30d of dielectric material 1 30 such that the conductor is positioned below through 
hole130e. 

Accordingly, thin film strip conductor 1 33 is positioned in a slantwise direction with respect to direction R of the 
maximum microwave radiation, and width W of strip conductor 1 33 is smaller than the width of through hole 1 30e. 

According to the above structure, through hole 1 30e does not exist at a portion (of projecting portion 130a) posi- 
es tioned in a direction opposite to direction R of the maximum microwave radiation; thus, influences caused by through 
hole 1 30e on the antenna characteristics can be reduced in comparison with the antenna using a strip line of the second 
embodiment. 

Seventh embodiment of antenna having distinctive strip line 

30 

Hereinafter, a structure according to the seventh embodiment relating to an antenna having a distinctive strip line 
will be explained with reference to Fig. 1 9. Fig. 19 is a back-face view showing the structure of the antenna having a 
strip line of the seventh embodiment. 

In Fig. 19, reference numeral 150 indicates a disc-shaped dielectric material, and on the surface thereof (that is, 
3S at the back side of this figure), thick-walled cylindrical projecting portion 150a is formed. This projecting portion 150a 
has the same structure as that obtained by modifying projecting portion 130a (shown in Fig. 14A) or 140a (shown in 
Fig. 16A) to be cylindrical. 

In projecting portion 150a, through holes (not shown) similar to through hole 130c as shown in Fig. 14A are formed 
at twelve positions with equal spaces in a circumferential line at the base end of the projecting portion. That is, the 
40 above plural through holes respectively correspond to plural strip conductors 153, 153,... described later. Here, the 
reason that the through holes are formed at the twelve positions with equal spaces in a circumferential line is that 
twelve sectors are provided, that is, .the number of through holes is determined according to the number of sectors. 

Reference numeral 151 indicates a ground plane formed by coating the surface of projecting portion 150a of 
dielectric material 150 with a thin film dielectric material. The projecting portion 150a and the thin-film ground plane 
45 151 formed on the projecting portion 150a lunction as reflecting plate 152, as reflecting plate 132 shown in Fig. 14A. 
Strip conductors 153, 153,... are formed as a thin film dielectric material on the back face (i.e., the surface side of Fig. 
19) as radiating from center O. 

The width of these strip conductors 153, 153. .. is smaller than the width (i.e., inner diameter) of through holes 
formed in projecting portion 1 50a Reference numerals 1 54, 154,... indicate plural antenna elements which are vertically 
so provided at each position corresponding to strip conductors 153, 153,... in a manner such that the upper portion of 
each antenna element projects from the surface of dielectric material 1 50. The lower portion of each antenna element 
154 is electrically connected to one end of each strip conductor 153. 

Here, ground plane 151 functions as the common ground for strip conductors 153, 153,... and antenna elements 
154, 154,... similarly to ground plane 131 as shown in Fig. 14A. Reference numeral 155 indicates a sector switch for 
55 performing a switching control so as to feed antenna elements 154, 154,... 

Operations of the antenna using a strip line of this seventh embodiment are similar to those of the antenna (using 
a strip line) as shown in Fig. 14A except that feeding states with respect to antenna elements 154, 154,,.. are controlled 
and switched by sector switch 155; thus, explanations thereof are omitted. 
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154..., therefore, .he present amenn "eZZ£K2J^°2^ ^ 153 ' andan,enna e,e ™* £ 
P-fda.proje^^^^ 

Plural slits may be formed in plural portions on the cLumTrpn In " ™ Med t0 such formati °n and 

case of projecting portion 140a shown hFta il? fn«Tl f Cy " ndriCa ' Pr °' ec,ino P° rtion 1 *> a . as in the 
a strip line as shown in Fig. 1 6A cTbe 20% ^ effeC,S ,0 ,hose ^ined by the antenna using 

Eighth embodiment of ant,™. h., , hQ d]sUnctiw « ri p ^ 

wm r? to an an,enna havin9 a — *• -* - 

strip line of the eighth embodiment aCe V ' eW Show,n 9 ,he s,ruc, " a <* the antenna having a 

^st^^ 

The w.dth of these strip conductor 156, 156, is^mZ ZT«Lh^ ? SUiP fadia,e ,rom cenler ° 
—a. and the length of .e strip -^"^C^^^ltt 

vded a, each position corresponding to quartet wateleno.h e ' ementS M are vertica "V P'°" 

an upper portion of each antenna element ZZ u^TZTT^T ^ ^ h "T« ^tha, 
each antenna elements 158, 158, is electrica Iv CO nnTJ»H , ' eC,r, ° ma,erial 150 Tne '°wer portion of 

-cu«s 157, 157. .. Here, these quarte^^ 

condibon between characteristic resistance of strip Hne 156 and Lin * T"** S ° 83 ,0 es,ab,ish a etching 

On the other hand, ground plane 151 f ur^tfons as CO m m n„ P ^T" °' amema element 1 58 as an *nd. 
length matching circuits 157, 157 % eLeTS "* ^ "* 156 wa - 

^ simi.ar to those of the 

As expla.ned above, according to Ihe antenna us^o? ?t ' explana,lons ^reof are omitted, 

ground plane 151 can be used as common ^J^ZI^™!:™ e '9 ht embodiment of the present invention, 

1S7 ' 157 and anienna elements 158, 158 ZT^Zl^lZ quar,er ' wave M ^ matching circuits 

molds for metal mold casting in comparison with' the conv.nZ ? ? ^ Ca " be 6asily "^actured using fewer 

In the antenna using a strip line ^ r ? anle " na haVinQ ,he tri P ,a,e struc »«"e 
holes, in P ,ura, portions on the S^^^S o ^ * PW * d ^ ° f p,ura « 

using a strip line of the seventh embodiment n mi«2e stTar Z^^™^ 38 h the Case of the an,e ™ a 
line as shown in Fig. 1 6A can be obtained. * '° ,h ° Se obWn9d b V lne a "tenna using a strip 

Ninth embodiment of antenn* haying dj gtincMye stri p , ino 
.eeSeS 

Ihe antenna havmg a slnp line of the ninth embodiment and in .hfl p o?/ 06 V,eWS Sh ° Win9 the struc,ure °« 

, each porti. being of, to an opposite 
stnp hnes as shown in Fig. 17 or 18 P ° Ct '° radla,or s, similarly to the antenna using 
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155 (as shown in Fig. 19) are not changed, but only strip conductors 153, 153,... are formed as thin films, each in a 
slantwise direction by a predetermined angle with respect to the counterclockwise direction in the figure. 

As explained above, according to the structure of the antenna using a strip line in the ninth embodiment of the 
present invention, through holes (or slits) are not provided in each portion (of projecting portion 150a) corresponding 
to an opposite orientation to direction R of the maximum microwave radiation with respect to radiators: thus, influences 
caused by the through holes (or slits) on antenna characteristics can be reduced in comparison with the antenna using 
a strip line of the seventh embodiment. 

Tenth embodiment of antenna having distinctive strip line 



Hereinafter, a structure according to the tenth embodiment relating to an antenna having a distinctive strip line will 
be explained with reference to Figs. 22 A and 22B. Figs. 22A and 22B are back-face views showing the structure of 
the antenna having a strip line of the tenth embodiment, and in these Figs. 22A and 22B, parts identical to those in 
Fig. 20 are given identical numbers, and explanations thereof are omitted here. 
'5 in Figs. 22A and 22B. for example, positions of through holes (or slits), strip lines 1 56, and quarter-wave wavelength 

matching circuits 1 57 are different in comparison with Fig. 20. 

That is, in Figs. 22A and 22B, slits or plural through holes are provided in each portion (of projecting portion 150a) 
being off to an opposite orientation to direction R of the maximum microwave radiation with respect to radiators, similarly 
to the antenna using strip lines as shown in Fig. 17 or 18. 
20 On the other hand, in Fig 22A, terminals (existing near the other ends of strip conductors 156) of sector switch 

155 (as shown in Fig. 20) stnp conductors 156, 156,..., and quarter-wave wavelength matching circuits 157, 157, ... 
are formed as thin films, each in a slantwise direction by a predetermined angle with respect to the counterclockwise 
direction in the figure. 

In contrast, in Fig 22B positions of terminals (existing near the other ends of strip conductors 1 56) of sector switch 
2S 155 (as shown in Fig 20) arc not changed, but only strip conductors 156, 156,... and quarter-wave wavelength matching 
circuits 157, 1 57,... are formod as thin films, each in a slantwise direction by a predetermined angle with respect to the 
counterclockwise direction in the figure. 

As explained above according to the structure of the antenna using a strip line in the tenth embodiment of the 
present invention, through holes (or slits) are not provided in each portion (of projecting portion 150a) corresponding 
30 to an opposite orientation to direction R of the maximum microwave radiation with respect to radiators; thus, influences 
caused by the through holes (or slits) on antenna characteristics can be reduced in comparison with the antenna using 
a strip line of the eighth embodiment. 

Hereinafter, methods for manufacturing an antenna having a reflecting plate in which slits or through holes are 
provided will be explained 

35 if slits are provided in a reflecting plate as a constituent of the antenna, the direction of the slits correspond to 

those of parasitic element(s) Therefore, no concave or convex portion is observed in lines perpendicular to a ground 
plane; thus, it is sufficient to pull a mold toward a single direction. Accordingly, the number of molds necessary for 
manufacturing antennas is ore as in the above-described methods for easy manufacturing. 

If through holes are provided in a reflecting plate, one of the following three manufacturing methods may be used. 

40 

(1) After an antenna is molded without a hole, as shown in Fig. 2A or the like, through holes are provided using a 
tool such as a cutting machine and the antenna is plated. 

(2) After an antenna is molded without a hole, as shown in Fig. 2A or the like, through holes are provided using a 
second mold and the antenna is plated. 

45 (3) The first portion (rctc to reference numeral 170 in Fig. 26B) consisting of fins and a reflecting plate having 

through holes and the second portion (refer to reference numeral 171 in Fig 26B) consisting of a ground plane 
and parasitic elements arc respectively formed using two molds and then combined, and the combined portions 
are plated. 

50 |f the above method (2» »s ndopted lor manufacturing multi-sector circular antennas having through holes, a divided 

portion (as a quarter or the iifcc as shown in Fig. 26A) may be manufactured using a first mold for easy drawing, and 
through holes 160 are tnen lormed using a second mold. After these processes, the two portions are combined so as 
to make a circular form In the; way, molds can be easily drawn. 

In addition, if two portons are combined in the above manufacturing method (3), the combination (as integral) is 
55 performed by (i) using solder m} using conductive adhesive, or (iii) previously forming a portion into which the remaining 
portion is put, and fitting the remaining portion into this previously-formed portion. 

After the above manuUciunng processes, strip lines and the like are formed so as to complete an antenna. 
Here, the shape ol iho ground plane of the antenna may be a rectangle (as shown in Fig. 14A or 1 6A), a circle (as 
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shown in Fig. 19, etc.), or a fan (as shown in Fig. 5A, etc.) 

can £«2!Zf, tT' ? PfOVi ? n9 ,hr ° U9h h ° le(S) in 3 pr ° jeC,in9 porti0n ' ,he ,hickness °< the ^electric material 
can be assumed to be f.xed overall areas with respect to strip conductors; thus, in addition to easy manufacturing the 
charac er she impedance can be fixed over all areas. Therefore, even though a very thick projecting portion axis s in 
* the dielectric material, reflection and loss of electromagnetic waves as transmission media can be II 

to h! i£2 ™ ' by |1 providin 9.P |ural sli,s in a Piling Potion, the thickness of the dielectric material can be assumed 
IS The T 3rea t W " feSPeC ' '° SWP conduc,ofS ; thus - '"a characteristic impedance can be fixed over all 

' Zt^rl»T ° 6Ven ° U9h 3 V6fy ' hiCk pr °' ec,in9 portion exis,s in the dielec,ric maleri al. reflection and loss of 
electromagnets waves as transmission media can also be reduced in this case 

10 be ^TrT' B ' ^ P '^' d L n9 ! hr0U9h h ° le(S) ° f S,itS in 3 reflec,ing p,a,e ' ,he ,hickness of th * d ^lectric material can 
efeln ? H, aSS r '°, be " Xed Thefe ' 0re ' ,he 9r0Und P ' ane ,unc,ions as the ~" around for the antenna 
ct?r o h " 6 S,nP COndUC,0rS ' n add " i0n ' ,he an,ennas can be easi, V manufactured using fewer molds for metal 
cast mold casting in comparison with the antenna having a triplate structure 

/5 orien^inntnm * T?** 9 h °' e(S) ° f S,i,S " each P 05 *™ M does ™ l ^lap with an opposite 

caused bv ? "T^ ratfe,i ° n °' " ^ ~ "* tod fr0m 63Ch an,enna *"»* infl ^ ces 

caused by through holes or slits on the antenna characteristics can be reduced. 

Antenna consisting of plural antenna units having different operational frequencies 

* rM ReCen !'L h ^ h " SPeed WifeleSS LANS haVe a,lraC,ed a,ten,ion - and va ri°"s frequencies such as 19 GHz 2 4 GHz 
5 GHz, and 60 GHz are examined, as shown in list 1 . «■«., 

or M T q h rMlT'A a nTLT" beam mu,,i - sec,or antenna relating to any plural frequencies such as '5 GHz and 19 GHz" 

LLnw^T, f t? .^"u rea ' i2ed 35 3 Sin9 ' e an,enna ' conve "ience for terminal users can be improved and 
constructions for establishing base stations can be reduced. 

^T 00 !^' r f 9 ! rdin9 ante " naS haVing ,he above - m entioned structure for easy manufacturing, embodiments in 
whichante^ 

freouencies^ 

mZ^^Tzr* an an,enna usin9 common ,requencies Fi9 2?a ,s a perspec,we view ' — Fi9 

con Jst TasZZTT * ^ '^"^ " ^ S6C ° nd W9her ,reqUenC V ,2 ' and this s/ngB antenna 

consists of a 6-sector antenna for frequency f 1 and another 6-sector antenna for frequency f2 

this Ih^imlC T 2?B ' fe,erenCe nUmera ' S 201 iPdk:ate elementS «" Neh operate at ,he first frequency f1, and in 
this embodiment, these correspond to a monopole Yagi-Uda antenna indicated by reference numeral 223 Reference 

2u3of r a fin(S) ln ,hiS m ° n0PO,e Ya9i " Uda an,6nna ' and the ,in(S) si ™'«~'y functl as reS's) 
203 of a corner reflector antenna as the second sector antenna which operates at frequency f2 

cat e r« nrZn I™ 3 ' 2 P 2 ! ndiCa,es rad,a,in 9 element < s > "» the sa eond sector antenna, reference numeral 224 indi- 

5 fndiclsSl an , re efenCe hT! 226 indiCa,6S 8 Cy ' indriCal re,,eC,0r ° n the ° ,her hand ' re,erence s V mbo1 
226 22£ diameter of ground plane 224, reference symbol '2sT indicates the diameter of cylindrical reflector 

Tan tT^lZT ? rT ^ 9fOUnd ^ ^ (Wteh means a dis,ance fram reflector 226 

hnfcnn* 1J T P i' re,erenCe Symb °' " 7a " indicateS an ar ^ len9,h ' referenc * symbol -if indicates the 

£55 £ £ZZ symb01 w ,ndcates the fin hei9ht These detinHions are also usij with respect to -< 

^Here, the 'corner reflector antenna- means an antenna having radiator 202 andtwo fins 203 adjacent to this radiator 

uJ" Th 6 m ° n0p0,e Ya9i " Uda an,enna ' tne horizontal beam width is adjusted according to array length la while the 
vertical beam width is adjusted according to ground plane length g 1 

in the corner retlector antenna, if the length of fin 203 corresponds to the wavelength specified according to the 

I smi: , "T Cy ' ^ b T Wdlh be adiUS,6d aCCOfdin9 '° C ° mer an9 ' e P Ho — f « ^ 'en 9 .h oHin 203 
corne 3 anote aL ^ 9 "? aC " US,mem ^ Perf ° fmed US ' n9 ,he len9 ' h and he ' 9h ' ° f tin 203 in addilion to 

™ ST . ' ' eC,0f an ' enna ' arC len9th " C,> Which influences an a P e rture area according to the 

operational frequency is changed. y 

For example with the first low frequency f1 of 5GHz and the second high frequency f2 of 19.5 GHz, if fin length 

a hfwr^l a n S th 0 M 9 ^ WaVC,Cn9th at f re ^ enc V < 1 > then at f * the length becomes 1 .95 t.mes as long 
as the wavelength. Here, an example .n which fin length 7ris 0.5 t.mes as long as the wavelength at frequency f1 is 

each SST' " " neCGSSary l ° dGtenUine ^ ' ength thG " C ™ M ™ <* ^e frequencies adopted for 

eratioli. ^ITriT^Z ^ emb ^ ment of an antenna co ^ s ^ing of antenna units having different op- 

erational frequencies, and this ,s an example of an antenna using two kinds of common frequencies Fig. 28A shows 
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an example in which the monopole Yagi-Uda antenna as shown in Figs. 27A and 27B is used for elements of a sector 
antenna which operates at a first frequency, and diameter 2s of the cylindrical reflector is different from that in the case 
shown in Figs. 27A and 27B. In this way, arc length c1 which influences the aperture area of the second sector antenna 
can be changed according to the frequency. 

5 That is, as shown in Fig. 28B, it is possible to change the corner angle of an antenna (element) which consists the 

corner reflector antenna from P (refer to Fig. 27B) to (*' by changing diameter 2s of the cylindrical reflector, while comer 
angle a of an antenna (element) as a constituent of the monopole Yagi-Uda antenna is fixed. 

Additionally, in Figs. 28A and 28B, parts identical to those in Figs. 27A and 27B are given identical numbers, and 
explanations thereof are omitted Also in the following drawings, parts corresponding to those already explained will 

10 be given identical numbers, and explanations thereof will be omitted. 

Figs. 29A and 29B show the third embodiment of an antenna consisting of antenna units having different operational 
frequencies, and this is also an example of an antenna using two kinds of common frequencies. Figs. 29A and 29B 
show an example in which an antenna having the second operational frequency is horn antenna 227. Fig. 29A shows 
an example in which antennas operating at two frequencies are both 6-sector type, while Fig. 29B shows that these 

is antennas are both 8-sector type. In each case, the side face of the horn antenna also acts as the side face of the 
monopole Yagi-Uda antenna. 

Here, the "horn antenna" means an antenna comprising a radiator, two fins adjacent to the radiator, and a metal 
cap covering the two fins. In addition, the beam width of the horn antenna can be adjusted according to an area of 
aperture of the horn antenna. Also, by changing the longitudinal and transverse lengths at the aperture, different radi- 

20 ation patterns can be obtained. Accordingly, in consideration of these points, specification values for the horn antenna 
are determined. 

Fig. 30 shows the fourth embodiment of an antenna consisting of antenna units having different operational fre- 
quencies, and this is also an example of an antenna using two kinds of common frequencies. The antenna in Fig. 30 
has the same structure as that shown in Figs. 1 9A and 1 9B, and here, dielectric material 204 is provided in horn antenna 

25 227 which operates at the second frequency. According to the present invention, although the sizes of each fin or 
cylinder diameter 2s are fixedly determined, a desirable beam width can be realized at a desirable frequency, by ad- 
justing the thickness or the relative dielectric constant of dielectric material 204. 

In addition, also in the corner reflector antenna, a desirable beam width can be realized at a desirable frequency 
by providing a dielectric material and adjusting the thickness or the relative dielectric constant of the dielectric material. 

30 Fig. 31 shows the fifth embodiment of an antenna consisting of antenna units having different operational frequen- 

cies, and this is also an example of an antenna using two kinds of common frequencies. Fig. 31 shows an example in 
which a sector antenna which operates at the second frequency is a corner-reflector type, and a control for obtaining 
a desirable beam width at a desirable frequency is realized by providing metallic fin(s) indicated by reference numeral 
205. 

35 Here, adjustment of the beam width is performed by preparing metallic fins having the most suitable length with 

respect to a circumferential direction of the antenna, and adjusting the number of the fins and the length of each metallic 
fin in a direction with respect to radiators (i.e., the width of each fin). 

Here, in the horn antenna, the beam width can also be adjusted in a similar way using metallic fins. 
Fig. 32 shows the sixth embodiment of an antenna consisting of antenna units having different operational fre- 
40 quencies, also an example of an antenna using two kinds of common frequencies. Fig. 32 shows an example in which 
a sector antenna which operates at the second frequency is a corner-reflector type, and the second sector antenna 
also has parasitic elements 206. According to the above structure, a control for obtaining a desirable beam width at a 
desirable frequency is performed. 

Here, the beam width is adjusted as follows. The heights of parasitic elements 206 and radiators 202 is set to be 
45 about 1/4 times as much as the wavelength with respect to a desired frequency. As the diameter of each element 
becomes larger, the corresponding height is set to be a little smaller than the "1/4 wavelength" so as to make the 
element resonant at the desired frequency. In addition, the height of parasitic element 206 is set to be smaller than 
that of radiator 202 so that an electric wave can be transmitted from radiator 202 to parasitic element 206. As described 
above, the length of each element relates to its operational frequency. 
50 Regarding the beam width of radiation pattern in horizontal and conical planes become narrower by providing 

parasitic elements. In this case, the level of sharpness is changed according to the number of parasitic elements, that 
is, the greater the number of parasitic elements : the narrower the beam width become. 

In the horn antenna, it is also possible to set the length of each radiator to be 1/4 times as long as the wavelength 
with respect to an operational frequency, and to perform adjustment for realizing a beam width suitable for the desired 
55 frequency by providing radiators or parasitic elements. 

Fig. 33 shows the seventh embodiment of an antenna consisting of antenna units having different operational 
frequencies, also an example of an antenna using two kinds of common frequencies. Fig. 33 shows an example in 
which the first sector antenna operating at the first frequency has 6 sectors while the second sector antenna operating 
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at the second frequency has 3 sectors. In this case, it is preferable that the half power in the horizontal plane of the 
f.rst sector antenna be 60* (i e , 360° / 6 sectors) while the half power in the horizontal plane of the second sector 
antenna should preferably be 120° (i.e., 360° /3 sectors), so as to cover the circumferential direction (i e 360°) at 
each frequency. ' 

Fig. 34 shows the eighth embodiment of an antenna consisting of antenna units having different operational fre- 
quencies and this is an example of an antenna using three kinds of common frequencies. Fig. 34 shows an example 
in which the first 6-sec.or anienna (unit) operating at the first frequency, the second 3-sector antenna (unit) operating 
at the second frequency and the third 3-sector antenna (unit as shown by reference numeral 207) operating at the 
third frequency are reaped as a single antenna. According to the present invention, the number of common frequencies 
are not limited to two' but an arbitrary number may be adopted, as shown in Fig 34 

Regarding Fig. 34. ,n order to obtain the half power of 1 20 • by using reflectors whose physical sizes are the same 
and whose electrical sizes are different with respect to the sector antennas of the second and third frequencies a 
control as shown in the above-mentioned embodiments may be performed at one of the frequencies that is at least 
one of (,) dielectric material, (ii) metallic fins, and (iii) parasitic elements may be provided, or a distance between each 
radiator and reflector may be adjusted. According to the present invention, a common-frequency antenna having anv 
number of sectors and using any numbers ol operational frequencies can be realized 

m JS*" , r ! 9ard,n9 ,he above e*P&inecl antenna shown in Figs. 27A and 27B, calculation results using the moment 
method with parameters shown in the following "list 1 • are shown in Figs. 35A and 35B 

Fig. 35A shows the radiation pattern in a horizontal plane with respect to the lower frequency f 1 while Fiq 3SB 
shows the radiation pattern in a horizontal plane with respect to the higher frequency f2 



LIST 1 


SYMBOL 


DEFINITION 


PARAMETER 


f1 


lower frequency 


11:12 = 1:2 


f2 


higher frequency 






wavelength of frequency f1 






wavelength of frequency f2 




2r 


diameter of ground plane 


3.9 X n 


2s 


diameter of cylinder 


1.1 X n 


91 


ground plane length 


2.8 X n 


1a 


array length 


^.ox n 


hr 


height of reflector 


0.39 X n 


1r 


fin length 


0.52\ n 



n~,i n ,i fH "° °' '° Wer ,feqUency <1 10 hi9her frec ! u ency 12 is set to be "1 to 2". The present antenna 

operates at the lower frequency f 1 as a monopole Yagi array antenna, and also operates at the higher frequency (2 

beamTdm T 9 T 38 C ° mW As Sh ° Wn in Fi9S 35A and **> sector beams having a 

beam width of 60 at -3 d8 can be obtained at each frequency. 

ri P ^M e h o a o me ! h0d !, 0r , mdnulacturin 9 a multi-common-frequency sector anienna using different operational frequen- 
cies will be explained In such an antenna, the portions as the ground plane, parasitic elements, reflecting plate and 
™, f ! " 10lded lf US,n 9 a s,n 9 ,e mold and are '^n plated, as in the case of the above^iescrived antenna for easy 
manufacturing^! fasector ,s provided as a horn antenna, a cap, made of a metallic plate, which covers two adjacent 
luring Add '»°™»y according to necessity, metallic fins or a dielectric material may be provided in manufac- 

rto. k S the mu !h- comm °""cquoncy sector antenna consisting of plural antenna units of different operational frequen- 
ZlTr, ab ° Ve - exptlincc s,ruc,ure ' ,or example, a 2 common-frequency antenna can be realized by using fins 
2 TT , a h mul,K5ec,or rrono P° le Yagi-Udaantenna of the first operational Irequency as reflectors of a corner reflector 
antenna of the second operational frequency. 

m Ano, h er 2 common-I.equency anienna can be realized by using fins included in a thin sector antenna of the first 
operational frequency as a p„rt of a horn antenna of the second operational frequency. 

next a™ Howler T^*"". .T^ a ° ,enna ™ '° r COn,r °" in 9 Undesired radla,ion «™ a 

next array However. ,n orocr not to damage original characteristics possessed of the Yagi-Uda antenna the length of 

fins is preferably about 0 £ t.mes as long as the wavelength, that is, a length suitable for covering a radiator 

In theZInf n r ° 9 ! rd,n K lhC COrn ° r rCf,eC,0r ' ,he l ° n90r th ° COm0r ,0n9th ' ,hc narrower ,he directionality becomes. 
In the present invention, by usmg the antenna of the higher operational frequency as the second sector antenna, the 
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fins, whose electrical lengths are short enough for operations at the lower frequency, can also be used as reflectors 
whose electrical lengths are long enough for operations at the higher frequency. 

Furthermore, according to the multi-common-frequency sector antenna consisting of plural antenna units of dif- 
ferent operational frequencies, even if the length of fins is limited according to the first frequency, desirable character- 
s istics (such as a beam width) can be assigned for the second multi-sector antenna by providing the second multi-sector 
antenna with the dielectric material, metallic fins, and parasitic elements. 

On the other hand, the function of each monopole element corresponds to that of a parasitic element at the first 
frequency, but is omitted at the second frequency. This is because if the second frequency is low (i.e., the wavelength 
is high), the monopole element is small enough to be omitted with respect to the wavelength, while if the second 
10 frequency is high (i.e., the wavelength is low), a corresponding space between the monopole elements is electrically 
very large and these elements do not act on each other. Therefore, by using such monopole elements as parasitic 
elements, reflecting plates of a fixed size can be used for two or more kinds of common frequencies, or for any frequency 
ratio. 

In addition, the above-described techniques with respect to strip lines may be added to the present antenna con- 
's sisting of plural antenna units of different operational frequencies. 

As explained above, according to the antenna consisting of plural antenna units of different operational frequencies, 
a sector antenna for commonly using plural frequencies can easily be realized without changing the size of a conven- 
tional thin sector antenna. Consequently, by establishing the present type of antenna, it is possible to reduce base 
stations ; and to improve reduction in size of terminals of a wireless LAN on which plural kinds of services can be 
20 provided and used. 

As explained above, according to the antenna having a structure in which projecting portions are provided toward 
a single direction, small and thin antenna satisfying desirable antenna capabilities can be easily manufactured. 

When distinctive strip line(s) are further used for the basic antenna (having the above structure for easy manufac- 
turing), it is possible to reduce reflection and loss of electromagnetic waves as transmission media, in addition to easy 
2S manufacturing. 

When such an antenna having the above two features is further modified to include plural antenna units of different 
operational frequencies, an antenna which can be easily manufactured and which functions at plural frequencies can 
be realized. 

30 

Claims 

1 . An antenna comprising: 

35 a first board-shaped dielectric material; 

a cylindrical member, provided on one face of the first board-shaped dielectric material, in which a part of a 
side wall may be cut off; 

plural second board-shaped members provided as radiating on the outer surface of the cylindrical member, 
one end face of each second board-shaped member being in contact with the surface of the first board-shaped 

40 dielectric material; and 

plural sets of plural pole members perpendicular to the surface of the first board-shaped dielectric material, 
made by forcing out corresponding portions of the first board-shaped dielectric material, the sets radiating 
from the outer surface of the cylindrical member and the plural pole members in each set being arranged in 
a line, and each set existing between two positional directions of the adjacent two second board-shaped mem- 

45 bers; 

wherein the surface as one face of the first board-shaped dielectric material and the surfaces of each above 
member are coated with a conductive coating, by which the first board-shaped dielectric material, the cylindrical 
member, the second board-shaped members, and the pole members respectively function as a ground plane, 
a reflector, fins, and parasitic elements; and 
50 a radiator is provided on an extension from each line on which a set of the parasitic elements on the ground 

plane exists and between the innermost parasitic element and the outer surface of the reflector. 

2. An antenna as claimed in claim 1 , wherein the shape of the ground plane is circular or polygonal and the reflector 
is disposed at a center part of the ground plane. 

55 

3. An antenna as claimed in claim 1 , wherein the ground plane is fan-shaped, and a face of the reflector, which is in 
contact with the ground plane, is arc -shaped or has a shape of a part of polygon. 
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ZVraZZ f C ' ai 7 ■ ^ C ' aim 1 ' Wher6in 6aCh radia,0f haS 3 S,rUC,ure in «"'* ^ inner conductor of a coaxial 

2scs ir c ^,r e ,n ,he 9round p,ane ' and ,he coaxiai Nne ,s ,ixed ,o - — * «~ 

An antenna as claimed in claim 1, wherein each radiator is formed by forcing out a correspond™ portion of th« 

6. An antenna comprising: 

a first board-shaped dielectric material; 

a cylindrical member provided on one face of the first board-shaped dielectric material' 

^ ra JnH e ( t 0nd ? 0a t ShaPed membefS Pf0Vided 33 radia,in 9 on ,he ou,er surfa <* of the cylindrical member 

dTelc^^ 

third board-shaped members perpendicular to the surface of the first board-shaped dielectric material made 

lZ c Zl2Z e «ZT 9 0f ,he firsI board - shaped dielec,r,c mater,al ' the C 

eZnn tlT f ° U,er SUrfaCe ° f ,he CyNndrical member ' and each third board-shaped member 

exiting between two pos,t,onal directions of the adjacent two second board-shaped members 

wherein the surface as one face of the first board-shaped dielectric material and the surfaces of each above 
member coated w,th a conductive coating, by ^ 

SH^ET T shaped members ,unc,ion as 3 9round ine ' a r ^™«™ 25S2 

COa,S arran96d 38 parasKk: e ' ements on °" e ,ace ° f ea * third board-shaped 

JESr^SSE ^ h H ra h diato ^ ei "9^posed between the se, of plural parasitic elements arranged on 
one face of each third board-shaped member and the outer surface of the reflector. 

7. An antenna as claimed in claim 6, wherein the radiators are provided on the one face of the first board-shaped 

on^H C T " a 6aCh radB ' 0r b6in9 ° n an eX,6nSi0n ' ine ,r ° m each ,h,rd board-shaped member^ fbeS 
one end of the relevant third board-shaped member and the outer surface of the reflector. 

* f^ a ?I, e ,K na a f °' aimed in C ' aim 6 ' Wherein eacn radiator is arran 9 ed a * a strip-shaped conductive coat on the one 
face of the relevant third board-shaped member, together with the plural parasitic elements 

9 ' bTataTni^Sr ^ 1 ' Where ' n 31 ,eaS ' 3 ^ °' °* the * and «—* *"«* is coated 

11. An antenna as claimed in claim 1, wherein: 

plural through holes having a first width in a transverse direction are provided at plural positions with eaual 
spaces in a circumferential line at the base of the reflector- positions with equal 

each through hole is formed such that the lower face and 'the surface of the ground plane are coplanar and 
said lower face is coated with a conductive coating; and coplanar and 

plural strip lines are respectively provided on the back face of the ground plane below each through hole the 

13 ' onen n ^ a ,o S a C J ai T d '"fH™ ,hf ° U9h ^ > S di8 P 0Sed al a P osi '™ »eing off to an opposite 

or.entat.on to a d.rect.on of the maximum radiation of an electric wave radiated from each radiator. 

14. An antenna as claimed in claim 1, wherein: 
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plural slits are provided at plural positions with equal spaces in a circumferential line at the base of the reflector; 
and 

plural strip lines are formed on the back face of the ground plane below the reflector and feeding is performed 
by connecting one of the strip lines to each radiator. N 

5 

15. An antenna as claimed in claim 14 ; wherein a quarter-wave wavelength matching circuit is inserted between each 
strip line and the corresponding radiator. 

16. An antenna as claimed in claim 14, wherein each slit is disposed only at a position being off to an opposite orien- 
10 tation to a direction of the maximum radiation of an electric wave radiated from each radiator. 

17. An antenna as claimed in claim 1, wherein: 

an antenna switch is provided for switching plural antennas, each antenna being mounted in an area surround- 
15 ed by the adjacent two fins and a part of the reflector; 

plural sets of antenna units mounted on the same ground plane, each set having a different operational fre- 
quency and the antennas belonging to each set operating at the same operational frequency; and 
each antenna and the next antenna commonly possess and use one of the fins. 

20 18. An antenna as claimed in claim 17, wherein one antenna belonging to at least one of the plural sets of antennas 
consists cf a radiator. 

19. An antenna as claimed in claim 17, wherein one antenna belonging to at least one of the plural sets of antennas 
consists of a series of monopole elements which are composed of a radiator and plural parasitic elements. 

25 

20. An antenna as claimed in claim 17, wherein one antenna belonging to at least one of the plural sets of antennas 
is a corner reflector antenna consisting of a radiator and two of the fins, which are adjacent to the radiator. 

21. An antenna as claimed in claim 17, wherein one antenna belonging to at least one of the plural sets of antennas 
30 is a horn antenna consisting of a radiator, two of the fins, which are adjacent to the radiator, and a metal cap 

covering the two fins. 

22. An antenna as claimed in claim 20, wherein the corner reflector antenna comprises a dielectric material. 
35 23. An antenna as claimed in claim 21 , wherein the horn antenna comprises a dielectric material. 

24. An antenna as claimed in claim 20, wherein the corner reflector antenna comprises a metallic fin. 

25. An antenna as claimed in claim 21, wherein the horn antenna comprises a metallic fin. 

40 

26. An antenna as claimed in claim 20, wherein the corner reflector antenna comprises a parasitic element. 

27. An antenna as claimed in claim 21 , wherein the horn antenna comprises a parasitic element. 
45 28. A method of manufacturing an antenna having a basic structure comprising: 

a first board-shaped dielectric material; 

a cylindrical member, one end face of which being in contact with one face of the first board-shaped dielectric 
material; 

50 plural second board-shaped members provided as radiating on the outer surface of the cylindrical member, 

one end face of each second board-shaped member being in contact with the surface of the first board-shaped 
dielectric material, and 

plural sots of plural pole members perpendicular to the surface of the first board-shaped dielectric material, 
made by forcing out corresponding portions of the first board-shaped dielectric material, the sets radiating 
55 from the outer surface of the cylindrical member and the plural pole members in each set being arranged in 

a line, and each set existing between two positional directions of the adjacent two second board-shaped mem- 
bers; 
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(57) An antenna comprising the following members 
are provided: a first board-shaped dielectric material; a 
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side wall may be cut off; plural second board-shaped 
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the cylindrical member, one end face of each second 
board-shaped member being in contact with the surface 
of the first board-shaped dielectric material; and plural 
sets of plural pole members perpendicular to the surface 
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forcing out corresponding portions of the first board- 
shaped dielectric material, the sets radiating from the 
outer surface of the cylindrical member and the plural 
pole members in each set being arranged in a line, and 
each set existing between two positional directions of 
the adjacent two second board-shaped members. The 
surface as one face of the first board-shaped dielectric 
material and the surfaces of each above member are 
coated with a conductive coating, by which the first 
board-ohapea dielectric material, the cylindrical mem- 
ber, the second board-shaped members, and the pole 
members respectively function as a ground plane, a re- 
flector, fins, and parasitic elements. A radiator is provid- 
ed on an extension from each line on which a set of the 
parasitic elements on the ground plane exists and be- 



tween the innermost parasitic element and the outer sur- 
face of the reflector. 
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